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Abstract
Nanoscience and nanotechnology, including nanomaterials, have 
been included over the last decade into the most dynamic and 
very substantially funded research fields. As in any other field, 
apart from the advantages, it is only realistic to expect difficulties 
as well. From the aspect of the technological approach, apart from 
the functionality and economic justification, it is necessary to take 
into consideration also the social criteria of assessment. These are 
primarily the influence on the health of people who work in this 
field, as well as the protection of the environment and the nature. 
The work witnesses through a personal experience about the influ-
ence of nanoparticles on health and describes a case of nanoosis. 
This has been used as the base for giving recommendations for 










preporuke za za{titu zdravlja
Sa`etak
Nanoznanosti i nanotehnika, uklju~ivo nanomaterijale, u posljed-
njem se desetlje}u ubrajaju u najdinami~nija i veoma izda{no fi-
nancirana istra`iva~ka podru~ja. Kao i u svakom podru~ju, uz dobre 
strane, realno je o~ekivati i te{ko}e. S motri{ta tehnologijskog pri-
stupa, osim funkcionalnosti i gospodarske opravdanosti valja uzeti 
u obzir i dru{tvene kriterije prosudbe. To je ponajprije utjecaj na 
zdravlje ljudi koji rade na tom podru~ju te za{tita okoli{a i prirode. 
U radu se osobnim primjerom svjedo~i o utjecaju nano~estica na 
zdravlje i opisan je slu~aj nanooze. Na temelju toga navedene su 
preporuke za rad s nano~esticama.
Introduction
Over the last decades one of the most popular research activities 
has been related to the research of nanomaterials and nanotech-
nology. Great research results have been achieved in many areas of 
nanoscience and these have been transferred into numerous practi-
cal examples of applications in industry, biotechnology, medicine, 
etc. Nanomaterials have been studied in many products such as 
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composites, sensors and chemical catalysts, medical and electronic 
devices. However, their unique nanosize and characteristics have 
resulted in greater awareness and care for the influence of nano-
particles on the human health and the environmental systems.1-5 
According to the author’s estimate, in the year 2005 the US gov-
ernment spent some 40 million USD on research regarding risks 
from nanotechnology.4 Special properties that make nanomaterials 
dominant are also those that may be potentially hazardous for 
people and the environment. Inhaled or otherwise instilled, the 
ultra fine particles (of aerodynamic diameter <100 nm) can induce 
pulmonary inflammation, oxidative stress and distal organ involve-
ment due to their harmful influence. Similarly, exposure to mineral 
dust particles (coal or silicates) or asbestos fibres induce oxidative 
injury, inflammation, fibrosis, cytotoxicity and mediator release 
from lung target cells. The same effect is valid for the experimental 
instillation of titan dioxide (TiO2) and carbon black.
2,3
Klaine et al. have completed the critical review of the behaviour, 
fate and effects of nanomaterials in the environment.6 Based on 
their analysis, they have concluded that methods for the selection 
of the test medium have to be developed and standardized (both 
soil/sediment and water) for testing of the influence of the men-
tioned particles that will certainly require developing and refining 
of the instrumentation.
Based on the available literature it may be concluded that there 
is not enough knowledge about the influence of single matters in 
the form of nanoparticles. According to Xia et al.7 nanoparticles 
could indirectly cause damage of the membrane cells by generating 
reactive oxygen groups (ROS). The ROS effect increases the mem-
brane permeability and fluidity, making the cells more susceptible 
to osmotic stress or hindering the nutrient uptake7. They compared 
the cellular effects of various types of nanoparticles such as TiO2, 
carbon black (very old form of nanoparticles), fullerenes and poly-
styrene nanoparticles. Their research methodology was based on 
the study of the differences in cellular uptake, subcell localization 
and engagement of biological pathways leading to ROS production. 
They have demonstrated that ROS generation and oxidative stress 
could be used as the paradigm to assess the nanoparticle toxicity. 
What made me study the mentioned literature was the moment 
when the Editorial Board of the Journal POLIMERI gave me incen-
tive to describe my personal experience in an incident I experienced 
with nanoparticles.
My personal experience with nanoosis
In 2007 I worked on the preparation and characterization of poly-
mer nanocomposites with carbon nanotubes designed for the 
production of nanosensors9. The characterisation protocol included 
several testing techniques such as thermogravimetric analysis (TGA), 
differential scanning calorimetry (DSC), scanning electron micros-
copy (SEM), wide angle X-ray diffraction (WAX), Fourier transform 
infrared spectroscopy (FTIR), Raman spectroscopy (RAMAN).
An incident occurred while conducting the test about which the in-
terested public has to be informed. While preparing the set quantity 
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required for testing using the TGA technique, I suddenly exhaled 
and puffed the carbon nanotubes (CNT). The sample pan remained 
empty. One part of CNT was on the desk, and the rest seemed to 
have disappeared. I had a strange feeling of itching and quizzing in 
my nose. I tried to clean my nose using wet handkerchiefs and the 
soft paper was full of black powder traces. I had no special problem 
with breathing, but I had a feeling that something was in my nose. 
I tried to clean my nose using medicine (nose drops), but without 
success; I still had the feeling that something was in my nose. This 
feeling remained present even 30 days later, so I went to a hospital. 
In consultation with the doctor my nose was scanned by X-rays and 
some of the CNT was found inside the mucous membrane of the 
nose. At first the X-ray specialist, who encountered such a case for 
the first time, was not sure what was on the X-rays. After discussion, 
it was concluded that CNT was definitively absorbed by the mucous 
membrane. Subjective assessment, after that I took medicine for 
cleaning and rinsing of the mucous membrane and after a week the 
strange feeling disappeared. The control X-ray scan confirmed that 
there was no CNT in the nose mucous membrane any more.
A more detailed study of the influence of 
nanoparticles on the human health 
is required
The purpose of this short description of the case of nanoosis is to 
give incentive to additional research of the possible influence of CNT 
and other nanoparticles on human health. In this case it was the 
absorption of CNT by the mucous membrane, and the problem was 
solved relatively quickly and successfully. However, what remains to 
be studied is the influence of inhaling and dermal exposure to ultra-
fine particles and CNT. This requires, therefore, adequate protocols 
for testing and treatment in case of incidents.
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Uvod
Istra`ivanje nanomaterijala i nanotehnike posljednjih je desetlje}a 
jedno od najpopularnijih. Dobri istra`iva~ki rezultati postignuti su 
u mnogim podru~jima nanoznanosti (nano science) i pretvoreni u 
brojne prakti~ne primjere primjene za potrebe industrije, bioteh-
nike, medicine itd. Nanomaterijali su ispitivani u mnogim proizvodi-
ma kao {to su kompoziti, senzori i kemijski katalizatori, medicinski i 
elektroni~ki aparati. Me|utim, zbog njihove jedinstvene nanoveli~ine 
i karakteristika pove}ana je zabrinutost zbog utjecaja nano~estica 
na ljudsko zdravlje i ekolo{ke sustave.1-5 Prema autori~inoj procjeni, 
2005. godine ameri~ka je vlada utro{ila oko 40 milijuna dolara u 
istra`ivanja rizika od nanotehnike.4 Posebna svojstva koja ~ine na-
nomaterijale dominantnima su ona koja su potencijalno opasna za 
ljude i okoli{. Udahnute ili druk~ije u organizam unesene ultrafine 
~estice (aerodinami~nog promjera < 100 nm) mogu izazvati upalu 
plu}a, oksidacijski stres uz uklju~ivanje ostalih organa u pogledu 
{tetnog djelovanja. Jednako tako, izlaganje ~esticama mineralne 
pra{ine (ugljen ili silikati) ili azbestna vlakna uzrokuju oksidacijsku 
povredu, upalu, fibrozu, citotoksi~nost i osloba|anje medijatora 
iz pogo|enih stanica plu}a. Isti u~inak vrijedi za eksperimentalno 
uno{enje titanova dioksida (TiO2) i ~a|e.
2,3 
Klaine i suradnici dovr{ili su kriti~ko razmatranje pona{anja, sud-
bine i u~inaka nanomaterijala u okoli{u.6 Na temelju svoje analize 
zaklju~ili su da se moraju razviti i normirati metode za izbor ispitnog 
medija (i zemlja/sediment i voda) za provedbu ispitivanja utjecaja 
aNaziv nanooza za bolesti uzrokovane djelovanjem nano~estica uveo je I. ^ati}.8
navedenih ~estica, koje }e, naravno, zahtijevati razvoj i pobolj{anje 
instrumenata. 
Na temelju dostupne literature mo`e se zaklju~iti kako se o utje-
caju pojedinih tvari u obliku nano~estica premalo zna. Prema 
mi{ljenju Xia i suradnika7, nano~estice bi mogle posredno uzro-
kovati o{te}enje  stani~nih membrana stvaranjem reakcijskih sku-
pina kisika (ROS). ROS u~inak pove}ava membransku propusnost 
i tecljivost, fluidnost, ~ine}i stanice osjetljivijima na osmotski stres 
ili sprje~ava uno{enje nutrijenata (hranjivih tvari).7 Usporedili su ce-
lularne u~inke raznih tipova nano~estica kao {to su TiO2, ~a|a (vrlo 
stari oblik nano~estica), fulereni i polistirenske nano~estice. Njihova 
se metoda istra`ivanja temeljila na ispitivanju razlika u stani~nom 
preuzimanju, lokalizaciji podstanica i anga`iranju biolo{kih putova 
koji vode proizvodnji ROS-a. Dokazali su da bi se stvaranje ROS-a i ok-
sidacijski stres mogli koristiti kao paradigma za procjenu toksi~nosti 
nano~estica. Na pregled navedene literature odlu~ila sam se u 
trenutku kada me Uredni{tvo ~asopisa POLIMERI potaknulo da 
opi{em vlastiti incident s nano~esticama.
Moje osobno iskustvo s nanoozoma
Tijekom 2007. radila sam na pripremi i karakterizaciji polimernih 
nanokompozita s ugljikovim nanocjev~icama koji su namijenje-
ni izradi nanosenzora.9 Karakterizacijski protokol obuhva}ao je 
nekoliko metoda ispitivanja kao {to su termogravimetrijska analiza 
(TGA), diferencijalna pretra`na kalorimetrija (e. differential scanning 
calorimetry, DSC), pretra`na elektronska mikroskopija (e. scanning 
electron microscopy, SEM), {irokokutna rendgenska difrakcija (e. 
wide angle x-ray diffraction, WAX), infracrvena spektroskopija s 
Fourierovim transformacijama signala (e. Fourier transform infrared 
spectroscopy, FTIR) i ramanska spektroskopija (e. Raman spectro-
scopy, RAMAN).
Tijekom ispitivanja zbio se doga|aj s kojim treba upoznati zainte-
resiranu javnost. Pripremaju}i propisanu koli~inu potrebnu pri ispi-
tivanjima metodom TGA, odjedanput sam izdahnula i otpuhnula 
ugljikove nanocjev~ice (CNT). Posudica s nanocjev~icama bila je 
prazna. Dio CNT-a bio je na stolu, a ostatak je nestao. Osjetila sam 
~udan svrab i bockanje u nosu. Poku{ala sam obrisati nos vla`nim 
rup~i}ima i meki je papir bio pun tragova crnog praha. Nisam imala 
nikakvih posebnih problema s disanjem, ali imala sam osje}aj da mi 
je ne{to u nosu. Poku{ala sam o~istiti nos s pomo}u lijekova (kaplji-
cama), ali nije koristilo, ostao je osje}aj da mi je ne{to u nosu. Taj 
mi je osje}aj ostao i nakon 30 dana pa sam oti{la u bolnicu. Prema 
dogovoru s lije~nikom snimili su nos rendgenski i prona{li jo{ malo 
CNT-a u mukoznoj membrani nosa. U prvom trenutku rendgenolog 
koji se prvi put susreo s takvim slu~ajem nije bio siguran {to je to 
na rendgenskim snimkama. Nakon razgovora zaklju~eno je da je 
mukozna membrana sigurno apsorbirala CNT. Subjektivna ocjena, 
nakon toga sam uzimala lijekove za ~i{}enje i ispiranje mukozne 
membrane i nakon tjedan dana ~udan je osje}aj nestao. Kontrolno 
rendgensko snimanje potvrdilo je da u nosnoj mukoznoj membrani 
CNT-a vi{e nema.
Treba produbljeno prou~avati utjecaj 
nano~estica na zdravlje ~ovjeka
Svrha je kratkog opisa ovog slu~aja nanooze potaknuti dopunsko 
prou~avanje mogu}eg utjecaja CNT-a i ostalih nano~estica na 
ljudsko zdravlje. U ovom slu~aju radilo se o apsorpciji CNT-a u 
mukoznu membranu, a problem je relativno brzo i uspje{no rije{en. 
Ostaje, me|utim, ustanoviti utjecaj udisanja i dermalnog izlaganja 
ultrafinim ~esticama i CNT-u. Nu`ni su i odgovaraju}i protokoli za 
ispitivanje i lije~enje u slu~aju incidenta.
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Kapljevito drvo – mogu}a plastika 
budu}nosti
Plastika je bila velika inovacija 20. stolje}a, 
a njema~ki znanstvenici vjeruju u novu ino-
vaciju za 21. stolje}e – kapljevito drvo koje 
bi uskoro moglo zamijeniti plastiku u nekim 
podru~jima svakodnevnoga `ivota. Iako se 
pokazala izrazito korisnom u suvremenom 
svijetu, plastika ima i neke nedostatke. 
Tako|er, povi{enjem cijene nafte i plina 
povisuje se i cijena plastike. Znanstvenici 
Fraunhoferova instituta za kemijske tehno-
logije (e. Fraunhofer Institute for Chemical 
Technology, ICT) u Pfinztalu, Njema~ka, tvr-
de da se ti nedostatci mogu rije{iti novim 
materijalom koji su nazvali kapljevito drvo, 
a koji pod komercijalnim imenom Arboform 
proizvodi tvrtka Technaro.
Arboform je mje{avina drvene mase, lignina 
i mnogih drugih materijala koji zajedno daju 
~vrst, neotrovan materijal.
[to je, zapravo, kapljevito drvo? Drvo se 
razdvaja u tri glavne komponente: lignin, 
celulozu i polucelulozu. Lignin se mije{a s 
finim vlaknima (drvo, konoplja i lan) i priro-
dnim dodatcima kao {to je vosak. Od takve 
mje{avine proizvodi se granulat koji se mo`e 
injekcijski pre{ati. Zavr{ni proizvod povr{ine 
je nalik na visoko polirano drvo ili matira-
nu plastiku koja se koristi u ku}anstvu. 
Slika prikazuje jednu od mogu}ih primjena 
kapljevitog drva te izgled granulata.
Do sada se ova bioplastika koristila samo 
za automobilske dijelove, a sada se mo`e 
koristiti i u ku}anstvu, jer su u Arboformu 
velike koli~ine sumpora koje razdvajaju li-
gnin od vlakana smanjene za otprilike 90 %. 
Arboform je mogu}e i reciklirati te ponovno 
iskoristiti, a da svojstva materijala ostanu 
nepromijenjena.
www.dw-world.de
Broj tvrtki Zaposleni Proizvodnja(u mil. €)
Izvoz
(u mil. €)
Strojevi   649 54 788 10 891   8 409
Kalupi i alati 2 691 32 855   4 329   2 297
Dodatna oprema   302   9 994   1 600   1 080
Oprema za tisak na folije i filmove     41   2 165     528     455
Ukupno 3 683 99 802 17 348 12 241
Prigodni proizvodi od kapljevitog drva i 
nekoliko oblika granulata
